The development of hepatocellular carcinoma (HCC) is reduced after interferon based treatment in patients with chronic hepatitis C (CHC). A new therapy using direct-acting antiviral agents (DAA) has been widely applied since 2014 for CHC. The purpose of this study is to investigate the efficacy, safety and development of HCC after DAA treatment. Methods: The authors enrolled 33 consecutive patients who were treated with DAA for CHC at the hospital between January 2015 and March 2016. The laboratory data were collected at the start and 24 weeks after DAA therapy. Results: The authors analyzed 33 patients (18 male, 15 female, mean age of 68-year-old). The hepatic C virus genotypes were type 1 (27 patients) and type 2 (6 patients). The number of patients treated with sofosbuvir (SOF) + ledipasvir, daclatasvir + asunaprevir and SOF + ribavirin was 14, 13 and 6, respectively. The sustained virological response (SVR24) rate was 100%. Aspartate aminotransferase, alanine aminotransferase and FIB4-index were significantly decreased after SVR24. Adverse effects were observed in 9 patients (anemia, 5; liver function test disorder, 2; sarcoidosis, 1; pruritus, 1). With regard to HCC development, one elderly patient (3.0%) had multiple HCC recurrence after SVR24. Conclusion: DAA therapy achieved a high SVR24 rate with a good serological response. However, one patient had multiple HCC recurrence. These findings indicate that careful follow-up may be essential after DAA therapy.
INTRODUCTION
During the previous decades, Pegylated interferon (PEG-IFN) plus ribavirin therapy for patients with chronic hepatitis C (CHC) cured hepatic C virus (HCV) infection in approximately 50% of treated patients [1] . Emerging treatments with IFN-free direct-acting antiviral agents (DAA) for patients with chronic CHC directly target HCV replication and have been widely used globally since 2014. Compared to conventional IFN-therapy, the sustained virological response (SVR) rate is higher and the side effects are reduced with DAA therapy. Previously, it was reported that IFN-based therapy reduced the risk of liver complications, including the For reprints contact: service@oaepublish.com occurrence of hepatocellular carcinoma (HCC) [2] [3] [4] . However, these results were supported by studies with only IFN-based regimens. Thus, it is unclear whether DAA therapy reduces the occurrence of HCC.
The aim of this study was to evaluate the safety, efficacy and HCC development after DAA therapy in patients with CHC.
METHODS

Patients
In this retrospective cohort study, we analyzed data from consecutive patients with CHC who were treated with DAA therapy at our hospital in the middle south area of Nara prefecture, Japan, between January 2015 and March 2016 [ Figure 1 ]. All data were obtained from individual patient records at our hospital. The eligibility of each patient for the treatment of HCV with DAA therapy was assessed following the criteria established by the Japan society of hepatology. The criteria for treatment included: patients with chronic hepatitis or Child-Pugh class A liver cirrhosis with no evidence of HCC as confirmed by ultrasound sonography (US) and/or contrast-enhanced computed tomography (CT)/magnetic resonance imaging (MRI). At the end of therapy and at 24 weeks off therapy, liver function was estimated again. The virological response to DAA therapy was assessed by quantitative HCV-RNA detection using real-time polymerase chain reaction. At 24 weeks off therapy, patients underwent another abdominal ultrasound evaluation. If focal lesions of the liver were detected by US, patients were reevaluated with CE-CT/MRI to assess the occurrence or recurrence of HCC.
Statistics
Bivariate analyses of continuous variables were performed using the Wilcoxon rank-sum test. A P value of < 0.05 was deemed statistically significant. All statistical analyses were performed using IBM SPSS statistics version 22 (IBM Corp., Armonk, NY, USA).
RESULTS
Baseline characteristics of patients
Between January 2015 and March 2016, a total of 33 patients received DAA therapy. All patients were followed for 24 weeks after DAA treatment. Table 1 shows the principle baseline characteristics of this study.
Virological response
Sustained virological response after 24 weeks (SVR24) was achieved in all patients (100%), regardless of genotype 1 or 2 [ Figure 2 ].
Serological response
Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) indicated significantly decreased liver inflammation after SVR24. The FIB4-index, which is a calculated hepatic fibrosis marker, was also significantly decreased. Moreover, alpha (α)-fetoprotein, which showed both liver inflammation and tumor marker, was significantly decreased. However, total bilirubin (T-bil), albumin and platelet count were not significantly changed after SVR24 [ Table 2 ].
Adverse events
Liver function disorder was only observed in the daclatasvir (DCV) + Asunaprevir (ASV) group. Anemia was found only in the sofosbuvir (SOF) + ribavirin (RBV) group [ Data are reported as the mean ± SD. HCV: hepatic C virus; T-bil: total bilirubin; AFP: Alpha-fetoprotein；IFN: interferon HCV GT1 n = 14
ledipasvir (LDV) developed sarcoidosis after SVR24 [ Figure 3 ]; after the end of DAA treatment, renal dysfunction occurred. Renal biopsy revealed renal sarcoidosis. Moreover, chest X-P showed bilateral hilar lymphadenopathy while the ophthalmologic examination showed iritis. Eradication of HCV or DAA treatment itself might trigger the onset of sarcoidosis.
HCC development
With regard to HCC development, patients without an HCC history did not develop HCC in these observed periods [ Table 4 ]. One elderly patient (3.0%) had multiple HCC recurrence after SVR24 [ Figure 4 ]. Before the start of DAA treatment, transarterial chemoembolization (TACE) was performed twice. Then, DAA treatment was initiated after a complete response was achieved. CE-CT after 3 months from the end of DAA treatment showed local and distant HCC recurrence. Common hepatic artery angiography showed multiple HCC. Thus, a 3rd TACE was performed for HCC recurrence.
DISCUSSION
IFN-based therapy for CHC should not be used for elderly patients and autoimmune diseases because of adverse effects and the mechanism of IFN. On the other hand, DAA therapy can be used for these patients with relative safety. However, as DAA therapy is relatively new, it is unclear whether DAA therapy ameliorates hepatic fibrosis and suppresses the development of HCC. Thus, the purpose of this retrospective cohort study was to elucidate changes in liver function and fibrotic markers before and after DAA therapy using SVR24, adverse events and HCC development. The effect for SVR24 was very high in this cohort study. The SVR rate of DCV + ASV is known to be slightly lower than SOF + LDV. We checked the resistance associated substitution (RAS) before DCV + ASV administration. All DCV + ASV patients didn't have Y93 mutation, which was key mutation involving for non-SVR. In our speculation, the reasons of the high SVR24 rate of DCV + ASV group may be wild type of RAS and the small number of patients (DCV + ASV, n = 13). AST, ALT, AFP and FIB4-index were significantly decreased. However, T-bil, albumin and platelet count were not significantly changed after SVR24. AST: aspartate aminotransferase; ALT: alanine aminotransferase; T-bil: total bilirubin; AFP: alphafetoprotein Liver function test disorder Grade1, 1 (7.7%) Grade3, 1 (7.7%) 0 0 Pruritus 1 (7.7%) 0 0 Sarcoidosis 0 1 (7.1%) 0 In the IFN era, liver fibrosis was improved after SVR in patients with CHC [4] [5] [6] . Shiratori et al. [3] reported that the resolution of hepatic fibrosis was achieved in 0.283 stages per year. However, whether anti-fibrotic effects occurred with DAA therapy was unclear. In our study, platelet count, T-bil and albumin were unchanged, likely because the observed period was only six month after the end of DAA treatment. However, AST and ALT, which showed that liver inflammation was significantly decreased, as well as the FIB4-index, which is a calculated hepatic fibrosis marker, were significantly decreased after SVR24.
IFN-based treatment for CHC has multiple adverse events, such as influenza like syndrome, interstitial pneumonia, cytopenia, depression, etc. Conversely, DAA therapy rarely has adverse events compared to IFN-based treatment. ASV, an NS3/4 protease inhibitor, is more likely to result in liver function test disorder [7] . In our study, 2 patients in the DCV + ASV group (n = 13) had liver function disorder [Grade 1, n = 1 (7.7%); Grade 3, n = 1 (7.7%)]. One patient withdrew from DAA therapy. Another patient decreased their dosage of ASV. Fortunately, these two patients achieved SVR24.
RBV + PEG-IFN therapy was used for patients with CHC. It is known that ribavirin triggers hemolytic anemia [8] . In our study, the SOF + RBV group (n = 6) had anemia in 5 patients [Grade 1, n = 2 (33.3%); Grade 2, n = 3 (50%)]. If anemia developed, we decreased the dosage of RBV. After the end of DAA treatment, anemia was naturally improved without blood transfusion or iron pill administration.
IFN is one of the cytokines in response to several pathogens, such as virus, bacteria, parasite and tumor. So, IFN therapy activated immune systems that help to eradicate HCV. The previous report indicated that IFN therapy for CHC triggered sarcoidosis via activating immune system [9] [10] [11] . Sarcoidosis is a granulomatous autoimmune disease of unknown etiology that may affect many organs. Until now, IFN was thought to be involved in the onset of sarcoidosis. In the other hands, DAA itself don't influence immune system. Moreover, HCV is known to have several systemic autoimmune disorder, such as cryoglobulinemia, Sjögren's syndrome, diabetes mellitus, thyroiditis, membranoproliferative glomerulonephritis, etc. Interestingly, in our study, the SOF + LDV group (n = 14) had a patient with lung and renal sarcoidosis that was induced after DAA therapy. Our case indicated that the eradication of HCV itself might have induced sarcoidosis via an acute change in immune status. In speculation, HCV decrease with the very short periods may trigger acute change in immune status.
With regard to the effect on HCC reoccurrence, the PEG-IFN + RBV combination therapy reduced HCC occurrence if SVR was achieved [12] [13] [14] . In Italy, Bruno et al. [15] reported that the SVR to IFN-α was associated with improved outcomes in HCV-related cirrhosis. Moreover, IFN itself has an anti-tumor effect [16] , and low-dose and long-term maintenance administration of PEG-IFNα-2α decreased the incidence of HCC in non-SVR patients [17] . On the other hand, DAA has no direct anti-tumor effect, and the suppressive effect of DAA on HCC occurrence remains controversial in western countries [18] [19] [20] [21] . In a Japanese retrospective cohort study, the HCC risk rate after SVR was similar regardless of whether it was achieved by DAA or IFN-based regimens [22] . In our study, during a median follow-up period of 10.4 ± 3.7 months, one elderly patient (3.0%) with an HCC history developed multiple HCC recurrence after SVR24. Patients without HCC history did not develop HCC in this observed period.
This study has several limitations. First, this was a single-center study with a limited number of patients. Therefore, the statistical power was low. Second, all patients in this study were Japanese. Thus, applying these results to other ethnic groups is difficult. Third, the criteria of liver function for DAA therapy in Japan are only CPS grade A. Therefore, the efficacy and safety of DAA therapy in patients with CPS grades from B to C are unknown.
In conclusion, DAA therapy achieved a high SVR rate and a good serological response. However, one patient had multiple HCC recurrence in our small cohort study. These findings indicate that careful follow-up may be essential after DAA therapy.
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